ABSTRACT Background: Limited information is available on the association between vitamin B-12 status and intake from different dietary sources. Objective: We investigated the relation of dietary intake of different food items with plasma vitamin B-12 concentrations in the general population. Design: A cross-sectional, population-based study of 5937 subjects in 2 age groups (47-49 and 71-74 y) from the Hordaland Homocysteine Study in Norway was conducted by using a food-frequency questionnaire and measurements of plasma vitamin B-12 concentrations. Results: A significant difference in plasma vitamin B-12 concentrations was observed with increasing total vitamin B-12 intake. A plateau was reached at an intake of '10 lg/d. Plasma vitamin B-12 was associated with intakes of increasing amounts of vitamin B-12 from dairy products or fish (P for trend ,0.001 for both) but not with intakes of vitamin B-12 from meat or eggs. For the same content of vitamin B-12, intake from dairy products led to the greatest increase in plasma vitamin B-12. Total intake of vitamin B-12, particularly from milk and fish, decreased the risk of vitamin B-12 concentrations ,200 pmol/L and impaired vitamin B-12 function (vitamin B-12 ,200 pmol/L and methylmalonic acid .0.27 lmol/L) in the total group and in 71-74-y-old subjects. Conclusions: Dietary intake of dairy products and fish are significant contributors to plasma vitamin B-12 and may improve plasma vitamin B-12 status. Vitamin B-12 appears to be more bioavailable from dairy products; guidelines for improving vitamin B-12 status should take this into consideration.
INTRODUCTION
Low vitamin B-12 status may be associated with megaloblastic anemia and neurologic disorders, such as neuropathy, myelopathy, memory impairment, dementia, depression, brain atrophy, and cerebrovascular disease (1) (2) (3) (4) (5) (6) . Recent studies indicate that subnormal or borderline plasma vitamin B-12 concentrations can occur in infants (7) and are highly prevalent among the elderly (8) (9) (10) (11) (12) . Prevention of low vitamin B-12 status is important because some of the neurologic signs and psychiatric symptoms can occur in patients with vitamin B-12 concentrations within the range formerly considered low-normal and without associated anemia or macrocytosis (1, 2, 6, 13, 14) . Furthermore, increasing evidence suggests that low vitamin B-12 status may be of particular concern in subjects with a high intake of folate, as is often the case in the era of folic acid fortification (15) .
Typical causes of cobalamin deficiency in the elderly include pernicious anemia and food-bound malabsorption, but these causes explain less than half of the low vitamin B-12 concentrations (16) . Dietary insufficiency is considered rare (17) and is often ignored, because the dietary intake of vitamin B-12 is usually above dietary reference intakes in subjects consuming a mixed Western diet. However, these dietary reference intakes were defined as the amount needed to prevent the overt vitamin B-12 deficiency that causes megaloblastic anemia and to maintain blood concentrations .150 pmol/L (18) . Because several morbidities may be associated with low-normal vitamin B-12 status .150 pmol/L, it is important to establish whether dietary interventions can increase vitamin B-12 status throughout the normal range.
The relation between dietary intake and vitamin B-12 status has been investigated in different populations, with conflicting results. One study concluded that low vitamin B-12 status in the elderly was not related to inadequate intake (17) , whereas other reports showed significant associations between intake of vitamin B-12 and plasma concentrations (19) (20) (21) (22) . These discrepancies may arise in part from the different bioavailabilities of vitamin B-12 because the proportion absorbed differs according to food source, even in healthy adults (20, 23) .
Foods, including breakfast cereals, were not fortified with vitamin B-12 in Norway for the duration of the study. Consequently, the vitamin B-12 intake in this population derives from natural food products or from vitamin supplements, the latter containing only low doses of vitamin B-12 (3-4 lg). We previously briefly reported correlations between components of the diet and plasma vitamin B-12 concentrations in subjects in the Hordaland Homocysteine Study (HHS) (24) . In the present study, we investigated these associations in greater depth with a view to identifying the best dietary sources of bioavailable vitamin B-12 and to examining whether high vitamin B-12 intakes from certain foods can reduce the risk of low vitamin B-12 concentrations.
SUBJECTS AND METHODS

Study population
The HHS is a large population-based study of subjects aged 40-67 y living in the county of Hordaland in western Norway (25) . Participant recruitment and examination were conducted in 2 periods '6 y apart. The first investigation (HHS-I) took place in 1992-1993. In 1997-1999, a follow-up study (HHS-II) was carried out in subjects living in Bergen and its surroundings and was part of the Hordaland Health Study (HUSK). The present study population includes participants from the HHS-II. All subjects underwent a brief health examination and provided a nonfasting blood sample. Information on diet, lifestyle, and medical history was collected via self-administered questionnaires. In total, 6140 of 7074 (87%) subject completed a food-frequency questionnaire (FFQ). Participants who provided questionnaires that were considered invalid were excluded from further analyses, which limited the total number of subjects to 5991. Of these, 5961 had plasma vitamin B-12 measured. We excluded 24 subjects who reported having injections of vitamin B-12, which left a total of 5937 subjects for analysis. The study protocol was approved by the Regional Committee for Medical Research Ethics and the Norwegian Data Inspectorate. All subjects gave their written consent to participate in the study.
Health examination and analytic procedures
The health examination included measurements of height, weight, and blood pressure. Blood was drawn from nonfasting subjects, and tubes with plasma containing EDTA were stored at 280°C for biochemical analyses. Plasma total homocysteine was measured by automated HPLC with fluorescence detection (26) . The concentrations of plasma folate and vitamin B-12 were measured by Lactobacillus casei (27) and Lactobacillus leichmannii microbiological assays (28) . Plasma methylmalonic acid (MMA) was measured by using a modified gas chromatographymass spectrometry method based on ethylchloroformate derivatization (29) . The concentration of serum creatinine was measured with a standard alkaline picrate colorimetric assay.
Assessment of dietary intake
Dietary data were collected with the use of a validated selfadministered FFQ developed by the Department of Nutrition, University of Oslo (30) . The FFQ was validated for the Norwegian adult population (30) . Although not validated for vitamin B-12 intake, the protein intake obtained by the FFQ corresponded very well with the protein intake obtained by 14-d weighed records, which suggested that this FFQ was well suited for the assessment of vitamin B-12 intake. It included 169 food items, grouped according to Norwegian meal patterns, and was designed to obtain information on usual food intake during the past year. The FFQ includes frequency alternatives (from once a month to several times per day) and the number of units eaten or portion sizes (eg, slices, cups, pieces, spoons, and deciliters). The information from the FFQ is presented as individual food items, food groups (individual food items combined), and nutrients. The FFQ also includes questions about common brands of single-vitamin and multivitamin supplements. Subjects using at least one dose of a B vitamin-containing supplement per day regularly during the past year were classified as B vitamin supplement users (n ¼ 928). Daily nutrient intakes were computed from a database and software system developed at the Department of Nutrition, University of Oslo (KOSTBEREGNINGSSYSTEM, version 3.2; University of Oslo, Oslo, Norway) (30) . The nutrient database is mainly based on the official Norwegian foodcomposition table (31) . For most of the foods, vitamin B-12 was determined at the National Institute of Nutrition and Seafood Research (Norway) using microbiological assays (meat, Leuconostoc mesenteroides; milk and fish, Lactobacillus delbrueckii). Vitamin B-12 in some food products was determined in other places, as listed in the food tables. Estimated total intake of vitamin B-12 includes cobalamin from natural dietary sources and supplements (fortification with vitamin B-12 was not permitted in Norway at that time). Intake was calculated without losses from preparation methods. Vitamin B-12 intake in supplements was calculated from information on the contents of vitamin supplements for sale during 1997-1999 (usual supplement dose of vitamin B-12 was 3-4 lg).
Statistical analyses
All calculations were performed by using SPSS 15.0 (SPSS Inc, Chicago, IL) if not otherwise stated. Results are expressed as means or geometric means and 95% CIs or medians with 25th and 75th percentiles. Student's t test, Mann-Whitney U test, analysis of variance (ANOVA), Kruskal-Wallis test, and chisquare test were used to compare independent groups. Adjustment for multiple comparisons was performed by using the Bonferroni correction. Spearman's rank correlation coefficients were used to assess simple correlations between estimated dietary intake of food groups and plasma vitamin B-12. In the Spearman correlations, we compared the significance between the correlations using the Fisher r-to-z transformation.
For the association between plasma vitamin B-12 and diet, we used ANOVA according to groups of dietary factors divided into quartiles. Values for plasma vitamin B-12 were log-transformed for analysis and back transformed for presentation of geometric means and 95% CIs. We adjusted for sex (men or women), age (young or old), energy intake (continuous), intake of other vitamin B-12-containing foods, and intake of supplements with B vitamins (yes or no). We also examined the potential confounding effect by smoking status (current or noncurrent smoker) and alcohol intake (continuous). Using multivariate-adjusted logistic regression, we calculated the odds ratio for plasma vitamin B-12 ,200 pmol/L or impaired vitamin B-12 function (vitamin B-12 ,200 pmol/L combined with MMA .0.27 lmol/L) according to 3 categories of vitamin B-12 intake from the selected food items. The categories of intake (ranked according to sex) were chosen to examine whether a high intake (.87.5th percentile of intake) could reduce the risk of vitamin B-12 ,200 pmol/L or impaired vitamin B-12 function, using ,12.5th percentile of intake as reference. All regression models were adjusted for age, sex, energy intake, and intake of other vitamin B-12-containing food items. We also adjusted for creatinine (continuous) because it is a strong determinant of elevated MMA (11, 32) . All P values are 2-sided, and values ,0.05 were considered significant.
Gaussian generalized additive regression models implemented in S-PLUS for WINDOWS software (version 8.0; Insightful Corporation, Seattle, WA) were used to generate graphic representations of the dose-response relations between the vitamin B-12 intake from different food items and plasma vitamin B-12, after adjustment for age, sex, energy intake, intake of supplements with B vitamins and other vitamin B-12-containing food items. On the y axis, this nonparametric model generates a reference value of zero that approximately corresponds to the vitamin B-12 concentration associated with the mean intakes of food items for all subjects. Corresponding P values were obtained from multiple linear regression analyses.
RESULTS
Subject characteristics and dietary intake
Characteristics of the study population in the 4 age-sex groups are listed in Table 1 . Plasma vitamin B-12 was significantly higher in younger than in older men and higher in women than in men within each age group. In all subjects, 4.9% had plasma vitamin B-12 concentrations ,200 pmol/L and only 1.0% ,150 pmol/L; in the elderly, the respective proportions were 6.5% and 1.7%, which indicated a good vitamin B-12 status in this population. Moreover, only 1.9% of all subjects and 3.1% of the elderly had plasma vitamin B-12 ,200 pmol/L combined with plasma MMA values .0.27 lmol/L (impaired vitamin B-12 function). The distribution of plasma vitamin B-12 in the 4 age-sex groups is shown in Figure 1 .
Food intake (kJ/d) and total vitamin B-12 intake (lg/d) from food were higher in men and in the younger groups (P , 0.001 for all). The mean total intake of vitamin B-12 ranged from 5.0 to 7.3 lg/d in the 4 age-sex groups. A lower intake of vitamin B-12 than recommended in the Nordic Nutritional Recommendations (2 lg/d) was observed among 2.3% (n ¼ 135) of the subjects, but most of these subjects (n ¼ 125) also had a very low energy intake (,6,500 kJ/d), which suggested either that they were dieting or did not complete their questionnaire correctly.
Dietary sources of vitamin B-12
Main dietary sources of vitamin B-12 are listed in Table 2 . Intakes of meat and eggs were significantly higher among the younger groups and men. However, old men consumed more fish than did young men, P , 0.001. Milk intake was higher in men, whereas consumption of dairy products was significantly 6.9 (6.6, 7.0) ,0.001
1 ANOVA or chi-square test followed by pairwise comparison with Bonferroni corrections. 2 Values are means; 95% CIs in parentheses. 3 Significant difference between sexes within the age group, P , 0.05. 4 Significant difference between age groups within sex, P , 0.05. 5 Use of multivitamins or other supplements that contained B vitamins. 6 Values are geometric means; 95% CIs in parentheses.
higher in old than in young women. In all 4 age-sex groups, fish, meat, and milk represented the most important sources of vitamin B-12, followed by cheese and eggs. The use of supplements that contained B vitamins was reported by 15.6% of the population and was significantly higher in women and in the younger groups. Vitamin B-12 intake from supplements represented '1% of the mean total intake for the whole sample (data not shown).
Simple correlations
Spearman's rank correlation coefficients between plasma vitamin B-12 and vitamin B-12-containing food items are shown for the 4 sex-age groups as supplemental data (see Table 1S under ''Supplemental Data'' in the online issue). For all subjects, the strongest positive correlations were observed between plasma vitamin B-12 and total vitamin B-12 intake (r s ¼ 0.11), intake of dairy products (r s ¼0.13), and in particular milk (r s ¼0.13), followed by fish (r s ¼0.07). Intakes of milk and fish were also associated with plasma vitamin B-12 in each age-sex group, whereas intakes of meat or cheese were not significantly associated with plasma vitamin B-12 in any subgroup. There was a significant difference between the correlations for total vitamin B-12 intake and some food items between old and young men, consistent with weaker associations in older men, but not between men and women in either age group. A separate analysis in older subjects, in whom associations of plasma vitamin B-12 with food intake tended to be weaker, confirmed the significance of the associations after the exclusion of subjects with a high FIGURE 1. Histograms of the frequency distribution of plasma vitamin B-12 concentrations in the 4 age-sex groups. Medians with 25th and 75th percentiles are presented for each age-sex group. Significance between the 4 age-sex groups was first tested by the Kruskal-Wallis test (P , 0.001) followed by pairwise comparison between the relevant groups with Bonferroni correction. The median plasma vitamin B-12 concentration differed significantly between young men and old women (P , 0.001 for both). 1 Kruskal-Wallis test followed by pairwise comparison with Bonferroni corrections. 2 Median; 25th and 75th percentile in parentheses (all such values). 3 Significant difference between sexes within the age group, P , 0.05. 4 Significant difference between age groups within sex, P , 0.05. 5 Includes milk, yogurt, cheese, cream, and ice cream.
MMA (.0.27 lmol/L) concentration (n ¼ 437). Likewise, after the exclusion of subjects with possible malabsorption, defined as a vitamin B-12 intake greater than the median combined with plasma vitamin B-12 ,200 pmol/L (n ¼ 72) or a high MMA concentration (n ¼ 181), the associations changed only modestly but with weaker significance (data not shown).
Plasma vitamin B-12 and dietary intake of vitamin B-12
The adjusted associations between plasma vitamin B-12 and vitamin B-12 intake from different foods are presented in Table 3 for the total group and the 2 age groups. The dose-response curves for total vitamin B-12 intake and vitamin B-12 intake from fish, dairy products, and meat for all subjects are shown in Figure 2 . The associations with plasma vitamin B-12 were first evaluated for the intake of the selected food items (see Table 2S under ''Supplemental data'' in the online issue) and without adjustment for the vitamin B-12 intake from the other vitamin B-12-containing food groups. The associations, in both cases, were similar to those presented. There were positive associations between vitamin B-12 intakes from fish and dairy products (specifically from milk) and plasma vitamin B-12. However, the differences in the mean of plasma vitamin B-12 across quartiles of vitamin B-12 intakes were higher for the younger group. The association between vitamin B-12 intake from cheese and plasma vitamin B-12 was statistically significant but only after adjustment for the vitamin B-12 intake from other food items. Vitamin B-12 intakes from meat and eggs were not significantly associated with plasma vitamin B-12 in any of the groups. For all subjects, the difference in plasma vitamin B-12 between the top and bottom quartiles of vitamin B-12 intakes was 14.0% (47 pmol/L) for total vitamin B-12 intake, 15.2% (50 pmol/L) for vitamin B-12 from dairy products, and 11.2% (37 pmol/L) for vitamin B-12 intake from fish. The magnitude of the mean differences in plasma vitamin B-12 between the highest and lowest quartiles of vitamin B-12 intake from foods listed in Table 3 ranged from 4.5% to 15.3%. Further adjustment for smoking and alcohol intake did not change the associations (data not shown).
For total vitamin B-12 intake, we observed a dose-response curve that reached a plateau after an intake of '10 lg/d ( Figure  2 ). In the graphs in Figure 2 we used similar scales on both axes to allow comparison of bioavailability. There is a steep doseresponse curve for vitamin B-12 from dairy products, which indicates that its bioavailability from this source, specifically milk (see Supplemental Figure 1 under ''Supplemental Data'' in the online issue), appears to be higher than that from the other sources. Too few subjects consumed yogurt in this population for meaningful analysis. For the intake of vitamin B-12 from fish, the dose-response curve is not as steep, and, for higher intakes, the 95% CI increasingly widens (Figure 2 ). We observed an apparent decrease in plasma vitamin B-12 for intakes of vitamin B-12 .4 lg from meat. However, the 95% CIs were very wide. The difference in plasma vitamin B-12 between those not consuming dairy products and those eating the maximum amount was '75 pmol/L, whereas for fish intake the respective difference was '35 pmol/L (see Supplemental Figure 2 under ''Supplemental data'' in the online issue).
Risk of low vitamin B-12 status according to dietary intake of vitamin B-12
Subjects with plasma vitamin B-12 ,200 pmol/L (n ¼ 291) had lower vitamin B-12 intakes and lower intakes of fish and dairy products than did those with a plasma vitamin B-12 intake .200 pmol/L (P , 0.001; data not shown). Logistic regression analysis showed that subjects with the highest intake of vitamin B-12 had only one-third the risk of having plasma vitamin B-12 ,200 pmol/L (Table 4) Separate analysis in the old group, ie, in whom a low plasma vitamin B-12 concentration is more likely to be due to malabsorption, showed that a high vitamin B-12 intake, particularly from milk, but also from fish, was associated with a reduced risk of vitamin B-12 ,200 pmol/L and of impaired vitamin B-12 function. As for the total group, use of vitamin B-12-containing supplements tended to protect against plasma vitamin B-12 ,200 pmol/L but not against impaired vitamin B-12 function.
DISCUSSION
In this large population-based study, we found a significant association between total dietary intake of vitamin B-12 and plasma vitamin B-12 concentrations. Notably, plasma vitamin B-12 was related to the vitamin B-12 intake from dairy products (especially from milk) and from fish, but not from meat and eggs. These findings have possible implications for nutritional guidelines.
The mean total intake (diet plus supplements) of vitamin B-12 was '6 lg/d, comparable with that of free-living American and northern European subjects (20, 22, 33) . Only 2.3% of the subjects did not meet the Norwegian recommended intake (34) of 2.0 lg/d. The use of supplements and intake of vitamin B-12 from supplements were lower than in American studies (20, 21, 35) , but were similar to those in northern European studies (22, 33) . Our findings also showed a higher consumption of fish and dairy products than in other northern European and American studies (36, 37) . The high intake of these food items probably contributes to the low prevalence of vitamin B-12 deficiency observed.
In agreement with other studies (20) (21) (22) 33) , we showed that plasma vitamin B-12 was positively associated with total vitamin B-12 intake. This association was also present in older subjects, in whom vitamin B-12 deficiency is more prevalent. Moreover, our data imply that the increase in plasma vitamin B-12 reaches a plateau when vitamin B-12 intake exceeds 10 lg/d, similar to finding from the Framingham Offspring Study (20) but somewhat higher than the saturation intakes of 7 lg/d in Hispanic subjects (21) and of 6 lg/d in Danish women (22) .
We observed significant differences in plasma vitamin B-12, depending on the food source. Milk provides the most bioavailable vitamin B-12, even in older subjects with a low vitamin B-12 status. The Framingham Offspring Study (20) first observed that vitamin B-12 from milk was better absorbed than that from meat. An earlier study in vegetarians (19) supported the beneficial effects of dairy products on vitamin B-12 status. However, a study in Hispanic elderly did not find an association, possibly because of their low dairy intake (21) .
Although the vitamin B-12 content of various types of milk is not high (0.2-0.4 lg/100 g) (31), milk is a significant contributor to vitamin B-12 intake, because the consumption of milk is high in this population, as in most Scandinavian countries (38, 39) . Appreciable losses of vitamin B-12 have been reported during the processing of milk; boiling for 2-5 min resulted in a 30% loss (23) . However, milk in Norway is primarily consumed raw and with meals. When radioactive vitamin B-12 dissolved in milk was administered to human subjects, the mean absorption was 55% (40) . The high bioavailability from dairy products may also explain the adequate vitamin B-12 status observed in most lactoovovegetarians compared with vegans (41, 42) . About 20-60% of vitamin B-12 originally found in milk is recovered in various cheeses (43) , which may explain the associations detected after adjustments.
Our results suggest that the bioavailability of vitamin B-12 from meat is lower than previously indicated (23) . At least 2 other studies found a weak association between meat and vitamin B-12 status (19, 20) . Meat and meat products are rich sources of vitamin B-12 but are consumed after cooking, which subjects the vitamin to significant losses ('33%) (23) . This lack of association may also be explained by the differences in the absorption and release of protein-bound vitamin B-12. Persons with decreased gastric secretion often have difficulty digesting collagen, a major constituent of meat that is primarily digested by pepsin (44) , which could prevent the release of vitamin B-12 from proteins. Another possible explanation is that the absorption efficiency of vitamin B-12 from meat might be low partly because of its high vitamin B-12 content, eg, absorption from liver is estimated to be 11% (23) . Because the intrinsic factor-mediated intestinal absorption system is saturated at '1.5-2.0 lg of vitamin B-12 per meal, vitamin B-12 bioavailability significantly decreases with higher intakes of vitamin B-12 per meal (23, 45) .
We found an association between plasma vitamin B-12 and intake of fish. There is a high consumption of fish in this population (46) . Although fish consumed in Norway is usually cooked, the loss of vitamin B-12 in fish from cooking is not high Values adjusted for age (except for the 71-74-y-old subjects), sex, energy intake, and creatinine. Except for supplement use, the categories were chosen so that the reference (ref) group included the lowest 12.5th percentile of intake, whereas the high intake group included the top 12.5th percentile of intake based on the total population. The 3 categories of each food group were ranked according to sex.
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Includes milk, yogurt, cheese, cream, and ice cream.
3
Also adjusted for total intakes of fish, meat, and eggs.
4
Also adjusted for total intakes of fish, meat, cheese, and eggs.
5
Also adjusted for total intakes of fish, meat, milk, and eggs.
6
Also adjusted for total intakes of fish, dairy products, and eggs.
7
Also adjusted for total intakes of dairy products, meat, and eggs.
8
Also adjusted for total intakes of fish, meat, and dairy products.
DIETARY SOURCES AND PLASMA VITAMIN B-12 (23) . In the Norwegian food database, vitamin B-12 contents of certain fish are high (2.1-12.7 lg/100 g) (31) . In the Framingham Offspring Study (20) and in a study of Hispanic elderly (21) , intake of supplements was associated with increased vitamin B-12 status. In our study, vitamin B-12 intake from supplements (.2 lg/d) in subjects with plasma vitamin B-12 ,200 pmol/L improved their vitamin B-12 status, but not in the elderly. This may have been due to the low dose in the supplements and to the fact that few subjects used them, which made it difficult to detect associations.
Our findings may have implications for guidelines for the maintenance of a good vitamin B-12 status. Whereas supplementation is recommended for those at immediate risk of deficiency, the options for increasing the overall vitamin B-12 status of the population are either fortification or targeted dietary recommendations. Our confirmation that dairy foods provide a highly bioavailable source of vitamin B-12 and that increased milk intake can raise plasma concentrations within the normal range suggests that the promotion of a high intake of dairy products would be a good strategy. It would avoid potential pitfalls of fortification and could be applied in less-developed regions. By increasing the overall vitamin B-12 status of a large portion of the population vulnerable to vitamin B-12 deficiency without malabsorption (elderly, pregnant and lactating women, infants, vegetarians, and persons from parts of the world with a low intake of animal-derived products), not only could morbidities associated with overt deficiency be prevented, but so too could the proposed subtle harmful effects attributable to low-normal concentrations of vitamin B-12 in persons with adequate vitamin B-12 absorption. Although the proportional increase in mean plasma vitamin B-12 concentrations was modest at '14.4% (48 pmol/L) from the bottom to the top quartile of dairy product intake (Table 3) , such an increase would be beneficial in subjects with low-normal concentrations of vitamin B-12. Furthermore, correction of an imbalance between folate and vitamin B-12 (47) , as may occur in countries that have fortified flour with folic acid (15) , or in vegetarians (48) may possibly be achieved by this nutritional strategy.
Advantages of our study include its large study population and the use of a validated FFQ, which provides information about nutrient intake over a period of a year (49), although we recognize its limitations (50) . Another weakness in our study relates to the inability to include the preparation losses of vitamin B-12 from food items. Inclusion of an estimate of losses did not change the overall results, but modestly reduced total vitamin B-12 intake. Although the content of vitamin B-12 was not measured using the same method for all the food items, the vitamin B-12 values in our food-composition table are similar to those reported by other national sources. In our population, we had no data on atrophic gastritis or the chronic use of medications that affect absorption. Nevertheless, plasma MMA was measured and we were able to identify subjects with functional vitamin B-12 deficiency.
In conclusion, we suggest that, even in a well-nourished population, dietary intake is an important contributor to plasma vitamin B-12. It appears that vitamin B-12 in meat is less bioavailable than is that in milk and fish, which may have implications for recommendations about how to maintain a good vitamin B-12 status. On the basis of our observations and of previously published findings (20, 22) , it seems that daily dietary vitamin B-12 intakes between 6 and 10 lg ensures the maximal plasma vitamin B-12 concentration in persons with adequate vitamin B-12 absorption. This amount is considerably larger than the current recommended daily intakes. We suggest that the guidelines for improving vitamin B-12 status should focus on the intake of dairy products, particularly milk, because vitamin B-12 appears to be more bioavailable from these sources.
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